INTRODUCTION
Geologic studies in the southern East Tin tic Mountains of central Utah ( fig. 1 and plate lA) have disclosed the presence of at least parts of all the formations composing the Bingham sequence of the Oquirrh Group (Tooker and Roberts, 1970) and in addition, a heretofore unnamed formation, logically a partofthegroup, that is notpresentin the type area of the group in the central Oquirrh Mountains. This newly recognized, predominantly carbonate unit, herein named the Furner Valley Lim£;stone, is designated the uppermost unit of the Bingham sequence of the Oquirrh Group. It is 5,000-6,000 feet (1,524-1,829 m) thick and contains fossils of Late Pennsylvanian and Early Permian age.
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LOCATION
As shown on plate 1A, the southern East Tintic Mountains are about 55 miles (88 km) south of the central Oquirrh Mountains, the type area of the Oquirrh Group (Upper Mississippian to Lower Permian), and about the same distance southwest of well-studied sections of Pennsylvanian and Permian rocks in the southern Wasatch Mountains (Bissel, 1936; Baker 1947 ). Pennsylvanian and Permian beds similar to the strata in the southern East Tintic Mountains also are present in the Gilson Mountains (Costain, 1960; Wang, 1970) 10 miles (16 km) south west of Furner Valley and on Long Ridge (Muessig, 1951) 7 miles (11 km) to the east. All these rocks are in the upper plate of either the NeboCharleston or Tintic Valley thrust faults, which have been described in reference to Pennsylvanian and Permian basins in northwestern Utah, northeastern Nevada, and south-central Idaho by Roberts and others (1965) .
DESIGNATION OF THE OQUIRRH GROUP
The strata composing the Oquirrh Group were first named the Oquirrh Formation by Gill uly (1932) from exposures in the central and southern Oquirrh Mountains. This formation, as originally defined and mapped by Gilluly, consisted of more than 16,000 feet (4,879 m) of alternating sandstone (or quartzite) and limestone and was believed to be entirely of Pennsylvanian age, although the top was missing in the type area. Later studies of complete sections in the Wasatch Mountains and other areas (Bissel, 1936; Baker, 194 7;  and others) indicated the presence of Permian strata in the upper part of the formation.
As geologic studies progressed in central Utah, the great thickness of the Oquirrh Formation proved to be a handicap in the preparation of geologic maps, particularly in areas of ambiguous structural relations in the West Mountain (Bingham) and adjacent mining districts where many of the intercalated limestone beds are important host rocks for ore bodies. As a consequence, several proposals were made to subdivide this unwieldy formation into units of more manageable size. These include proposals by Nygreen (1958) , Bissell (1959) , Welsh and James (1961) , and Tooker and Roberts (1961 , 1963 . Welsh and James (1961, p. 7-8) were the first to propose a redesignation of the Oquirrh Formation to group rank and to subdivide it into named formational units. Tooker and Roberts (1961 , 1963 , whose studies in the Oquirrh Mountains overlapped those of Welsh and James, also recommended the elevation of the Oquirrh to group status and its subdivision into several formations. However, their regional mapping in the central and northern parts of the range disclosed three distinctly different sequences of upper Paleozoic rocks separated from each other by the Midas and North Oquirrh thrust faults. To emphasize the lithologic differences between these three sequences, Tooker and Roberts (1970, p. A2-A5) formally defined the strata of the Oquirrh Group north of the northdipping North Oquirrh thrust in the northern Oquirrh Mountains as the Rogers Canyon sequence, the strata south of the southwest-dipping Midas thrust in the central Oquirrh Mountains as the Bingham sequence, and the strata between these two low-angle faults as the Curry Peak sequence. Both the Rogers Canyon and Bingham sequences were subdivided into several lithologically distinctive formational units retaining, where possible, the names proposed by Nygreen (1958, p. 13-14) and Welsh and James (1961, p. 8-9) . Because of its wide distribution and economic importance, the Bingham sequence, which is more than 17,820 feet (5,431 m) thick, was designated the type section of the Oquirrh Group.
TYPE SECTION OF THE OQUIRRH GROUP
The Bingham sequence of the Oquirrh Group in the Oquirrh Mountains includes, in ascending order: (1) the West Canyon Limestone, (2) the Butterfield Peaks Formation, and (3) the incomplete Bingham Mine Formation. The West Canyon Limestone is 1,450 feet (438 m) thick in its type section (Nygreen, 1958, p. 14, 39) and consists chiefly of interlayered clastic arenaceous limestone and dense cherty argillaceous crystalline limestone in beds averaging 1-2 feet (30-60 em) thick. Thin calcareous quartzite or sandstone beds, generally banded or crossbedded, separate the much thicker limestone strata. Fossils are locally abundant throughout the formation and indicate a Morrowan (Early Pennsylvanian) age (Gordon and Duncan in Tooker and Roberts, 1970 , p. A50).
The Butterfield Peaks Formation is 9,072 feet (2,765 m) thick in its type section (Tooker and Roberts, 1970 , p. A28-A31). It is about 60 percent silica-cemented orthoquartzite and calcareous sandstone and about 40 percent cherty, arenaceous, and argillaceous fine-grained limestone, all in units that range in thickness from a few feet (1m) to more than 600 feet (183 m Owing to faulting and cover of volcanic rocks, the base of the Oquirrh Group and the lower part of the West Canyon Limestone are not exposed in the southern East Tin tic Mountains. However, the upper part of the West Canyon Limestone and its contact with the overlying Butterfield Peaks Formation are exposed near Jericho Pass, approximately in the center of the boundary between secs.19 and 30, T. 13 S., R. 2W. This partial section of the West Canyon is 960 feet (293 M) thick and consists mostly of medium-blue-gray medium-grained thin-to mediumbedded silty and sand-streaked limestone. Many of the limestone beds contain scattered nodules and thin layers of black to dark-brown chert that weather rusty brown. A few thin sandstone beds are present, but they constitute less than 10 percent of the exposed strata. Many of the limestone beds are stained brown by accumulations of silt and sand on the weathered surface. The top of the West Canyon Limestone is placed at the base of a thick, distinctive bed of quartzitic sandstone that is readily distinguished from the relatively sand-free limestone below it.
Fossils are moderately abundant in the partial exposure of the West Canyon Limestone near Jericho Pass; they confirm a Morrowan age, and indicate the Morrowan-Atokan boundary to be at or near the top of the formation. Costain (1960, p. 73-74) In the southern East Tintic Mountains the lower(?), middle, and upper parts of the Butterfield Peaks Formation are most fully exposed near County Canyon on Jericho Ridge. This section is approximately 5,800 feet (1,768 m) thick, and although the basal contact and an unknown thickness of overlying beds are cut out by the County Canyon fault, the base and lower 1,100 feet (335m) of the formation overlie the West Canyon Limestone in the upper plate of the Tin tic Valley thrust fault near Jericho Pass about 5 miles (8 km) to the south. The middle and upper parts of the Butterfield Peaks also are exposed in the northern part of Furner Ridge. In this area the basal contact and lower part are concealed by lava, but they also may have been cut out by a pre-lava fault.
In general, the Butterfield Peaks Formation looks striped, owing to interbedded medium-to dark-gray limestone and brown-weathering sandstone and quartzite, which are chiefly in units a few feet to rarely more than 75 feet (23 m) thick. In the exposures near Jericho Pass, the base is conformable with the West Canyon Limestone and is placed at the base of a prominent bed of medium-grained sandstone about 20 feet (6 m) thick above which the strata consist of approximately 40 percent sandstone, quartzite, and siltstone and 60 percent limestone and dolomite, in contrast to the largely carbonate West Canyon Limestone below it. The top is also conformable, and in the area south of County Canyon and on Furner Ridge it is placed at the base of a reddish-brown-weathering quartzite more than 100 feet (30m) thick that forms the basal unit of the predominantly arenaceous Bingham Mine Formation. The limestone beds of the Butterfield Peaks Formation are mostly fine to medium grained, medium bedded, and commonly are silty. Many are cherty, and some are moderately fossiliferous. The arenaceous beds range from fine-grained siltstone to coarse-grained quartzite and sandstone. On freshly broken surfaces they are buff to dark olive green. Silica-cemented quartzite appears to be more abundant than calcite-cemented sandstone; shale is rare.
Fossils occur throughout the Butterfield Peaks Formation in the southern East Tintic Mountains, but the principal collections made during the present study have come only from the lower part and near the top. All of them indicate a DesMoinesian age.
From the exposures of the lower part of the formation near Jericho Pass, two collections of fossils were made in 1955 and an additional collection of fusulinids in 1975. In the earlier collections the corals and bryozoa were identified by Helen Duncan (written commun., Jan. 25, 1956) In its exposures in the southern East Tintic Mountains, the Bingham Mine Formation consists of about 65 percent quartzite, sandstone, and siltstone, and 35 percent limestone and dolomite, in units that are a few feet to more than 300 feet (91 m) thick. In general, the quartzite and siltstone units are thicker than the limestone units and impart a rusty brown color to the formation when it is viewed from a distance. They generally are medium bedded to massive, and medium to fine grained. On freshly broken surfaces they are chiefly light olive brown, but most of them weather medium reddish brown. In most of these rocks silica cement is more abundant than calcite or dolomite cement, although some friable calcareous sandstone and limy siltstone are locally common.
The carbonate units of the Bingham Mine Formation are largely of two types. One is gray thinto medium-bedded fine-grained silty limestone, commonly containing nodules and stringers of black chert with indistinct boundaries. The other is bluegray medium-bedded to massive medium-grained commonly fossiliferous ledge-forming limestone. Chert is also common in the blue-gray limestone, but most of it occurs as sharply bounded nodules and stringers.
Collections Thompson, Verville, and Bissell, 1950 . Many of the medium-bedded to massive blue-gray limestone beds contain a great variety of other fossils including corals, bryozoa, and brachiopods, but since these forms are not particularly helpful in identifying the rock series, they were not collected or studied in detail. Costain (1960, p. 74-85) , however, presented lists of the megafossils that he collected from beds here included in the Bingham Mine Formation.
FURNER VALLEY LIMESTONE (NEW NAME)
The Furner Valley Limestone is here named for a thick section of carbonate rocks that conformably overlies the Bingham Mine Formation and disconformably underlies the Diamond Creek Sandstone (Permian) on both Jericho and Furner Ridges. The name is taken from Furner Valley, which separates the two ridges. Its type section was measured on the east side of Jericho Ridge (see p. 1 7). It is 5,233 feet (1 ,595 m) thick and consists of 90 percent limestone and dolomite and 10 percent quartzite, sandstone, and siltstone and thus is readily distinguished from the more arenaceous Butterfield Peaks and Bingham Mine Formations stratigraphically below it. A reference section was measured on the west side of Jericho Ridge (see p. 18). It is 5,454 feet (1,662 m) thick and is closely similar but not identical to the type section three-quarters of a mile (1.2 km) to the east. The section exposed on Furner Ridge, though considerably faulted, is comparable to the sections on Jericho Ridge. Measurements from detailed maps indicate it may exceed 6,000 feet (1,829 m) in total thickness.
The base of the Furner Valley Limestone is placed at the base of a gray thin-bedded cherty silty limestone that overlies the thick unit of red-brownweathering limy quartzite marking the top of the Bingham Mine Formation. The top is placed at the base of a pinkish-red-weathering sandy limestone or dolomite that underlies the lowermost pink-or redweathering limy siltstone of the Diamond Creek Sandstone. This contact commonly is marked by a thin bed of sedimentary breccia and probably is locally disconformable.
The lower three-fourths or more of the type Furner Valley is limestone and the upper fourth or less is hydrothermal dolomite. The limestone of the lower part is predominantly of two varieties: one is bluegray medium-bedded ledge-forming limestone that is commonly studded with nodules and stringers of black and brown chert, and the other is thin-bedded silty limestone, with indistinct masses and segregations of gray-bordered black chert. Both types of limestone are locally fossiliferous; corals, bryozoa, and brachiopods are abundant in the blue-gray limestone and foraminifers are common in the gray silty and sandy limestone. The dolomite in the upper part of the Furner Valley Limestone is obviously a replacement of the two varieties of limestone. One variety is gray, medium bedded to massive, and medium to coarse grained. This dolomite commonly contains nodules of brown chert and remnants of recrystallized megafossils. The other variety is gray thin-bedded sandy and silty dolomite or limy dolomite, commonly with zones of silicified fusulinids.
The subordinate arenaceous units of the Furner Valley Limestone are chiefly fine-grained quartzite or siltstone, commonly containing inter layered beds of silty limestone or dolomite. On freshly broken surfaces they range in color from buff to olive green, and like the arenaceous units of the underlying Bingham Mine Formation, they weather brown and red-brown.
Seventeen collections of fusulinids and other foraminifers were made from exposures of the Furner Valley Limestone on Jericho and Furner Ridges. These collections indicate a Missourian age for the lower 2,100-2,300 feet (640-700 m) of the formation, a Virgilian age for the middle 1,000 feet (305 m), and a Wolfcampian age for the upper 2,500-3,000 feet (672-914 m). More precise designation of these boundaries probably will come from detailed stratigraphic studies in faulted areas, and more closely spaced paleontological collections. Hydrothermal dolomitization has extensively recrystallized the abundant fossils in both the Grandeur and Franson Members, rendering them useless in confirming the age of the Park City Formation. However, in the Wasatch Mountains (Baker and others, 1949, p. 1,188-1,189) fig . 2 ) have indicated that South Mountain is separated from the Bingham sequence by the inferred Stockton thrust in the same manner that the Curry Peak sequence is separated from it by the Midas thrust. If this structural interpretation is valid, the Stockton thrust is probably a branch of the northerly-trending Tintic Valley thrust.
CONFIGU RATION OF OQUIRRH BASI N
Geologic mapping and field investigations over the past two decades have provided much information concerning the distribution and character of the Pennsylvanian and Lower Permian rocks of western Utah and eastern Nevada. However, in large parts of this area these strata are either eroded or concealed beneath eruptive rocks and valley fill deposits, and as a result considerable disagreement has arisen concerning the location, configuration, orientation, and relations of the basins in which the Pennsylvanian and Permian sedimentary rocks accumulated in this area, and about the subdivision, nomenclature, and lithologic correlations of the highly varied stratigraphic sequence (see Bissell, 1962a , and Roberts and others, 1965 . A major complicating factor in the eastern part of the Sevier orogenic belt is the effect of the great thrust faults, along which the middle of the Oquirrh sedimentary basin was emplaced over its eastern borderlands during Late Cretaceous time (Baker, 1947; Baker and others, 1949; . In addition, the wide scatter of all or parts of the more critical Pennsylvanian and Permian sections in this area also prevents precise reconstructions of the late Paleozoic sedimentary basins, thus making all reconstructions of these basins highly subjective (Bissell, 1962b; Roberts and others, 1965; Bissell, 1967 Bissell, , 1974 .
In general, the Oquirrh basin appears to be centered on what is now the Wasatch Mountains east of Provo, Utah ( fig. 2) . It is obviously limited to the upper plate of the Nebo-Charleston and related thrust faults, and thus its true eastern limit is not known. In addition, its western limit is not precisely defined, so the basin continues to be the subject of much dispute. Roberts and others (1965, p. 1934 On the basis of current data, it would appear that elements of both interpretations are valid. It is probable that the Oquirrh basin has been tectonically transported eastward as much as 100 miles (160 km) or more from its original site and that the (Heylmun, 1958) eastern boundary of the basin in central Utah is largely or wholly concealed beneath the upper plate of the Nebo-Charleston-Willard-Paris thrust zone. Also, the lithologic and stratigraphic characteristics of the Oquirrh Group are more comparable with the Wood River Formation of southern Idaho than with the predominantly calcareous and thinner Ely Limestone. As recently redefined by Hall, Batchelder, and , the Wood River Formation consists of 9,800 feet (2,987 m) of gray limestone, calcareous sandstone, and quartzite that ranges in age from Des Moinesian to Leonardian(?); the formation is subdivided into seven as yet unnamed units. The great thickness and arenaceous character indicate a similar environment of deposition for both the Oquirrh Group and Wood River Formation, although a direct correlation of the two units is precluded by the extensive cover of basalts in the Snake River Plain. As shown in figure 2 , however, the Oquirrh basin apparently merges with the Ely basin across a relatively shallow berm, and that locally, as in the area of the Newfoundland Mountains, epeirogenic uplift created small positive areas.
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FUSULINID FAUNAS BUTTERFIELD PEAKS FORMATION
Fusulinids were studied from six collections through the exposed Butterfield Peaks Formation. All the fusulinids found are of Middle Pennsylvanian (DesMoinesian) age. The distribution ofthefusulinid faunas is shown in figure 3 and representative specimens are illustrated on plate 2. The oldest sample yields Fusulinella sp. associated with Wedekindellina sp. 1. This fauna is approximately equivalent in age to the oldest fusulinid fauna found in the type section in the Oquirrh Mountains. A slightly older fauna was recognized in the Traverse Mountains (Douglass and others, 1974, p. 101) where probably late Atokan Fusulinellas are found below the lowest rocks of Des Moinesian age.
All the higher faunas within the Butterfield Peaks Formation are of Des Moinesian age and include species of Wedekindellina and Beedeina.
BINGHAM MINE FORMATION
Seven collections of fusulinids from this formation were studied. The distribution of the fusulinid faunas is shown in figure 3 
FVRNER VALLEY LIMESTONE
Seventeen fusulinid samples from the Furner Valley Limestone exposed on Jericho and Furner Ridges were studied. An additional16 samples from Long Ridge, the next ridge to the east, were also studied because of the better preservation of the fossils in the upper part of the formation there. The distribution of some of the samples is shown in figure  4 and representative specimens are illustrated on plates 3 and 4.
The fusulinid faunas of the Furner Valley Limestone range in age from Missourian through Virgilian and into Wolfcampian. Some of them are the same age as the fusulinids of the upper part of the Bingham Mine Formation in the Oquirrh and Traverse Mountains but others from higher strata in the Furner Valley Limestone are younger than any described from those areas. The upper part of the Furner Valley Limestone has fusulinids similar to those reported by Maurer (1970) from unit 5 of the Oquirrh Formation in the Cedar Mountains in Tooele County, Utah. Similar forms were described by Thompson and Bissell (1954) 
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